JUSWNIOP Y} JO PU2 913 38 PAjeIo] sTuIMEp [y

HOLLON



000/ 04027

FINAL
I'|' Technical Memorandum
M
KAISER-HILL L
Monitoring of the
903 Pad/Ryan’s Pit Plume
RF/RMRS-98-294.UN
AA&
RMRSS%E:ES:;mLC
®
May, 1999
. Revision: 0

ADMSN RECCRD /43

BZ -B-00039



RF/RMRS-98-294 UN

FINAL
TECHNICAL MEMORANDUM

MONITORING OF THE
903 PAD/RYAN’S PIT PLUME

MAY 11, 1999



Final Techmical Memorandum
Monitoring of the 903 Pad/Ryan’s Pit Plume

RF/ER-98-294 UN
Revision O

Effective Date May 11, 1999

FINAL TECHNICAL MEMORANDUM

MONITORING OF THE %903 PAD/RYAN’S PIT PLUME

TABLE OF CONTENTS
10 INTRODUCTION
11 OBIJECTIVE
12 PROJECT APPROACH
20 PROJECT DESCRIPTION
21 BACKGROUND
22 HYDROGEOLOGIC SETTING
23 PREVIOUS INVESTIGATIONS
24 EVIDENCE OF NATURAL ATTENUATION
2 4 1 Plume Equlibrium
2 4 2 Degradation Products
2 4 3 Hydrogeologic Factors
2 4 4 Surface Water Quality Impacts
2 4 5 Conclusions Concerning Natural Attenuation
in the 903 Pad/Ryan’s Pit Plume
30 PROPOSED ACTION
31 PROPOSED APPROACH
32 WORKER HEALTH AND SAFETY
33 WASTE MANAGEMENT
40 IMPLEMENTATION SCHEDULE
50 REFERENCES
APPENDIX

Appendix A - Historical Analytical Data for 903 Pad/Ryan’s Pit Plume Area Wells
Appendix B — Hydrogeologic Cross-Sections of the 903 Pad/Ryan’s Pit Plume Area
Appendix C - Estimate of Contaminant Flux for the 903 Pad/Ryan’s Pit Plume

17
17
18
20
21
21
22
22
22
23
24

25

Al
Bl
Cl



Final Techmcal Memorandum RF/ER-98-294 UN
Monitoring of the 903 Pad/Ryan’s Pit Plume Rewvision O
Effective Date May 11, 1999

FIGURES
1-1 903 Pad/Ryan’s Pit Plume Location Map 3
1-2 Location of Seeps, Groundwater Flow Paths, and New Monitoring Wells 4
1-3 Top of Bedrock in the 903 Pad /Ryan’s Pit Plume Study Area 5
2-1 Trichloroethene Concentration 1n Groundwater, 1991-1997 (Avg ) 12
2-2 Carbon Tetrachloride Concentration in Groundwater, 1991-1997 (Avg ) 13
2-3 Tetrachloroethene Concentration i Groundwater, 1991-1997 (Avg ) 14
2-4 VOC Compostte Plume Map 15
2-5 VOCs in Groundwater at the 903 Pad/Ryan’s Pit Plume Study Area 16
2-6  VOC Concentration (pg/l) in Well 01487 Versus Time 19
TABLES
1-1 RFCA Temporary Modifications of Stream Standards for Segment 5 for the
903 PAD/Ryan’s Pit Plume Contaminants of Concern 2
2-1 Downgradient Groundwater Concentrations for Contaminants of Concern 10

~ 903 Pad/Ryan’s Pit Plume
2-2 Plume Characterization Sampling - Subsurface Soil Contaminants (mg/kg) and

Corresponding RFCA Tier I Subsurface Soil Action Levels 11
2-3 Plume Characterization Sampling - Volatile Organic Compounds
mn Groundwater (pg/l) 17

2-4 Key VOCs and Associated Degradation Products in the
903 Pad/Ryan’s Pit Plume 18

11



Final Techmical Memorandum RF/ER-98-294 UN
Monitoring of the 903 Pad/Ryan’s Pit Plume Revision O

Effective Date May 11, 1999

ug/l
AHA
CERCLA
CDPHE
CFR
DNAPL
DOE
EPA
ER
FO
HASP
HRR
IMP
IHSS
MCL
mg/kg
OSHA
ouU
PARCC
PPE
. RAAMP
RCRA
RFCA
RFETS
RFI
RI
RMRS
SAP
SID
UHSU
VOC

ACRONYMS

micrograms per liter

Activity Hazard Analysis

Comprehensive Environmental Resource, Compensation, and Liability Act
Colorado Department of Public Health and the Environment
Code of Federal Regulations

dense nonaqueous phase hquid

Department of Energy

Environmental Protection Agency
Environmental Restoration

Field Operations

Health and Safety Plan

Historical Release Report

Integrated Monitoring Plan

Individual Hazardous Substance Site
Maxmmum Contaminant Level

mulligram per kilogram

Occupational Safety and Health Administration
Operable Unit

precision, accuracy, reproducibility, completeness, and comparability
personal protective equipment

Radioactive Ambient Air Monitoring Program
Resource Conservation and Recovery Act
Rocky Flats Cleanup Agreement

Rocky Flats Environmental Technology Site
RCRA Facility Investigation

Remedial Investigation

Rocky Mountain Remediation Services, L L C
Sampling and Analysis Plan

South Interceptor Ditch

upper hydrostratigraphic unit

volatile organic compound

111



Final Technical Memorandum RF/ER-98-294 UN
Monritoring of the 903 Pad/Ryan’s Pit Plurme Rewvision O
Effective Date May 11, 1999

Page 1 of 25

1.0 INTRODUCTION

The 903 Pad/Ryan’s Pit Plume onginated from releases that occurred at the 903 Storage Area (Individual
Hazardous Substance Site [IHSS] 112) and Ryan’s Pit (IHSS 109), previously designated as a part of the
former Operable Unit (OU) 2 The 903 Pad/Ryan’s Pit groundwater plume was sixteenth 1n the prionty
ranking 1n the September 1998 Environmental Restoration (ER) Ranking The source areas, Ryan’s Pit
and 903 Pad, were ranked first and sixth, respectively, m the ER Ranking The Ryan’s Pit source removal
began i September 1995 with the removal of contaminated soils The contaminated so1l was treated in
February 1996, and the project was completed 1n August 1996 with replacement of soils (RMRS, 1997a)
The 903 Pad source removal 1s scheduled for 2001 The primary contamants in the 903 Pad/Ryan’s Pit
plume are carbon tetrachlonde, trichloroethene, and tetrachloroethene The Rocky Flats Environmental
Technology Site (RFETS) agreed on a 1999 mulestone for charactenizing the plume groundwater wells to
protect surface water quality in Woman Creek

In 1998, the RFETS program to characterize the 903 Pad/Ryan’s Pit plume was approved by the
Environmental Protection Agency (EPA) and Colorado Department of Public Health and the Environment
(CDPHE) The charactenization data showed that the contanunated groundwater plume was not affecting
surface water quality, and there was evidence of the occurrence of natural attenuation As a result there
was not a need for collection and treatment of contaminated groundwater in the distal end of the plume
EPA and CDPHE concurred with this conclusion, and 1t was agreed that additional groundwater
momtoring was required prior to making a final decision This technical memorandum provides the basis
and technical approach for monitoring the 903 Pad/Ryan’s Pit volatile organic compound (VOC) plume
to provide data on natural attenuation and to protect surface water quality

11 OBJECTIVE

The objective of 903 Pad/Ryan’s Pit VOC plume monitoring 1s to evaluate the potential for impacts
on surface water quality

Corollary Objective Evaluate natural attenuation of the 903 Pad/Ryan’s Pit Plume

The nearest receiving streams for the 903 Pad/Ryan’s Pit plume are the South Interceptor Ditch (SID),
located 150 feet upsiope of Woman Creek, and Woman Creek (Figure 1-1) Examination of historical
aenal photographs and enhanced multispectral scanner images (EG&G, 1989), and subsequent field
observations made in December 1998 indicate several potential discharge areas for shallow groundwater
associated with the 903 Pad/Ryan’s Pit plume shown on Figure 1-2 No VOC or flow data are available
for any of the seeps, however, recent field observations of seep characteristics indicate that surface flow,
if present, would be intermittant and probably minmmal Comparison of ditch bed elevations from as-
built drawings of the SID to the projected bedrock surface elevations presented in Figure 1-3 indicate that
colluvial groundwater, 1f present, should be close to bed level near the base of these structures The
localized nature of this vegetation suggests that any emergent groundwater will primanly evapotranspire
rather than discharge laterally as ditch flow

Contaminants from the 903 Pad/Ryan’s Pit plume have not been detected 1n the nearest downstream
surface water location Additionally, the concentration and total mass of contaminants decrease
considerably downgradient from the source area  VOCs have not been detected in historical samples
(1986-1993) from the nearest downstream SID (SW027, see Figure 1-1)

Based on these observations, there does not appear to be a near-term risk to surface water quality posed
by the plume However, surface water sampling will be conducted by bracketing the east and west plume
boundaries with upstream (background) and downstream stations 1n both the SID and Woman Creek to
venfy that the downgradient extent and concentrations do not impact surface water quality Details on
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sampling locations and frequencies can be found n the Sampling and Analysis Plan for Groundwater
Monitoring at the 903 Pad/Ryan’s P1it VOC Plume (RMRS, March 1999a)

Table 1-1 contains the Rocky Flats Cleanup Agreement (RFCA) (DOE, 1996) surface water action levels
for Segment 5 for the contaminants of concern These action levels are applicable at the pomt of
evaluation, Pond C-2

Table 1-1 RFCA Surface Water Action Levels for Segment 5 for the 903 PAD/Ryan’s Pit Plume
Contammants of Concern

Surface Water Action Levels
Compound (ng/l)
Carbon Tetrachlonide 5
Cis-1,2-Dichloroethene 70
Methylene Chlonde 5
Tetrachloroethene 5
Trichloroethene 5

12 PROJECT APPROACH

The proposed action requires the installation and peniodic sampling of three groundwater-monitoring
wells near the leading downgradient edge of the 903 Pad/Ryan’s Pit Plume One well will replace
Temporary Well 01298 (see Figure 1-1) since a permanent well 1s needed for long-term monitoring  Two
wells will be placed downgradient These wells will be placed in downgradient locations with the
greatest groundwater flux The locations for the downgradient wells will be based on data collected from
the planned Geoprobe® (direct-push sampler) boreholes Well depths will be approximately 10 to 20 feet
depending on the location Geoprobe® holes are an effective way to determine the hydrogeology of
multiple locations so that wells are not placed 1n dry areas or areas with low groundwater fluxes
Sampling and reporting activities will be itegrated with activities under the Integrated Monitoring Plan
(IMP) Additional details of this approach can be found 1n Section 3 0
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20 PROJECT DESCRIPTION

This section provides a brief project background and data summary along with a description of the
hydrogeologic setting and existing site conditions More detailed information can be found in

o Sampling and Analysis Plan, Characterization of the 903 Pad/Ryan’s Pit and East Trenches Plumes,
(IT Corp, 1998b),

e Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology Site (EG&G,
1995b),

e  Phase Il Resource Conservation and Recovery Act (RCRA) Facility Investigation
(RF1)/Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
Remedhal Investigation (RI) Report, 903 Pad, Mound, and East Trenches Area, OU 2, (DOE 1995),
and,

o Historical Release Report (HRR) (DOE, 1992)

21 BACKGROUND

Two nearby VOC sources contribute to the 903 Pad/Ryan's Pit Plume, the 903 Pad and farther south,
Ryan's Pit (Figure 1-1) The 903 Pad area was used to store drums that contamned radioactively
contaminated oils and VOCs from the summer of 1958 to January 1967 Approximately three-quarters of
the drums contained plutonium-contaminated hquids while most of the remaming drums contained
urantum-contamunated liquids Of the drums contamning plutonium, the liquid was primarily lathe coolant
and carbon tetrachloride in varying proportions Also stored 1n the drums were hydraulic oils, vacuum
pump oul, trichloroethene, tetrachloroethene, silicone oils, and acetone still bottoms

Leaking drums were noted 1n 1964 duning routine handhing operations The contents of the leaking drums
were transferred to new drums, and the area was fenced to restrict access When cleanup operations
began 1n 1967, a total of 5,237 drums were at the drum storage site Approximately 420 drums leaked to
some degree Of these, an estimated 50 drums had leaked their entire contents The total amount of
leaked material was estimated at around 5,000 gallons of contaminated liquid containing approximately
86 grams of plutontum From 1968 through 1969, some of the radiologically contaminated material was
removed, the surrounding area was regraded, and much of the area was covered with clean road base and
an asphalt cap Because of the high concentrations of VOCs present 1n the groundwater (greater than 1%
of the chemical's solubility), dense, non-aqueous phase liquids (DNAPLs) are suspected to exist
underneath the 903 Pad RFETS has scheduled remediation of the 903 Pad including source removal, to
begin in 2001

Ryan's Pit 1s located approximately 150 feet south of the 903 Pad and 1s approximately 20 feet long, 10
feet wide, and 5 feet deep Ryan's Pit was used as a waste disposal site starting tn 1969 and for
nonradioactive liquid chemical disposal starting in 1971 Use of the pit ceased in 1971 VOCs disposed
at this location include tetrachloroethene, trichloroethene, and carbon tetrachlonde In addition to VOC
disposal, paint thinner and small quantities of construction-related chemicals may also have been placed
in Ryan's Pit According to historical data, only liquids were put into the pit, and their containers were
either reused or disposed 1n other areas (DOE, 1992)

Source removal activities for Ryan’s Pit began in September 1995 with removal of contaminated soils and
was completed in August 1996 Along with degraded drums and plutonium-contaminated sotls, free-
phase tetrachloroethene and motor fuel constituents were found during this removal action One hundred
and eighty cubic yards of source maternal were removed 1n this action (RMRS, 1997a)
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22 HYDROGEOLOGIC SETTING

RFETS 1s srtuated at the margin of a gently eastward sloping topographic and bedrock pediment surface
mantled by unconsolidated Pleistocene Rocky Flats Alluvium and underlamn mamly by claystones,
siltstones, and sandstones of the Cretaceous Arapahoe and Laramie Formations (EG&G, 1995a) East of
this margm, colluvium-covered hillslopes dominate the landscape, except along valley bottoms where
valley-fill alluvial deposits occupy the major stream courses

The Rocky Flats Alluvium 1s comprnised chiefly of poorly sorted, clayey gravels and sands with abundant
cobble and boulder-sized matenal and discontinuous lenses of clay, silt, and sand Hillside colluvial
depostts are markedly finer-grained in texture, being comprised of clay, clayey gravels, and lesser
amounts of sand and silt These deposits were denived from geologic matenal exposed on the steep slopes
and topographic highs, and were formed by slope wash, downslope creep, and landshide action Valley-
fill deposits were fluvially denved from upstream matenals, and consist of clay, silt, and sand with lenses
of gravel These deposits occur along the dramage bottoms 1n and adjacent to stream beds, and are most
common 1n the eastern portions of RFETS

The Arapahoe Formation 1s 0 to 50 feet thick at RFETS and consists mainly of a discontinuous, but
mappable, fine- to medmum-grained, moderately- to poorly- sorted sandstone unit that forms the
uppermost sandstone of significant lateral extent This sandstone unat 1s referred to as the Arapahoe
Formation (or No 1) Sandstone (EG&G, 1995a) and 1s known to locally subcrop beneath the Rocky Flats
Alluvium and colluvium m the 903 Pad, East Trench and other areas of the eastern Industnial Area It has
been shown to be an important pathway for the lateral transport of contaminated groundwater to hillslopes
1n other areas of the Site (1 ¢ , South Walnut Creek)

The Laramue Formation conformably underhes the Arapahoe Formation and consists primanly of massive
claystone and siltstone with discontinuous clayey sandstone units (EG&G, 1995a) Unlike the Arapahoe
Formation sandstone, these sandstone units exhibit Iithologic and hydrologic charactenstics (1 e , high matrix
clay content and low permeability) that are not indicative of contaminant pathways These lenticular Laramue
Formation sandstones are texturally distinct from the Arapahoe Formation sandstone by virtue of their high
silt and clay content (EG&G, 1995a)

The 903 Pad 1s located southeast of the Industrial Area of RFETS on the flat surface at the southern edge
of a pediment A south facing hiliside slopes downward from the 903 Pad to the SID and Woman Creek
Ryan's P1t 1s located on the hillside to the south of the 903 Pad In the 903 Pad area, the Rocky Flats
Alluvium 1s 10 feet thick at the northwest corner of the Pad which 1s near a bedrock high, and 25 feet
thick at the southeast corner which 1s within a bedrock channel The sitewide geometric mean of the Flats
Alluvium hydraulic conductivity 1s 6 x 10 centimeters/second The Rocky Flats Alluvium 1s truncated
by erosion and does not extend to Ryan's Pit At Ryan's Pit and further downslope toward Woman Creek,
surficial deposits principally consist of clay-rich colluvium and reworked Rocky Flats Alluvium Caliche
1s common 1 both the alluvium and colluvium Groundwater at Ryan's Pit 1s between 3 to 10 feet below
ground surface There are numerous slump features 1n this area and a large scarp face 1s located between
the 903 Pad and Ryan's Pit

Bedrock 1n the 903 Pad and Ryan's Pit area 1s primanly composed of weathered claystone of the
Arapahoe and Laramie Formations In addition, the Arapahoe No 1 Sandstone subcrops under the
alluvium at two locations, west of and southeast of the 903 Pad The subcropping to the southeast 1s in
the 903 Pad/Ryan’s Pit Plume Because this subcrop 1s 1n the path of groundwater flow, it could affect
the flow and transport of contaminants of concern in this area The downgradient Geoprobe® borings
placed 1in 1998 did not encounter sandstone as a subcropping
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The 903 Pad/Ryan's Pit Plume 1s defined as the lobe of contaminated groundwater that flows southward
from the two source areas toward the SID and Woman Creek dramnage The contaminants of concern are
carbon tetrachloride, methylene chlonde, cis-1,2-dichloroethene, tetrachloroethene, and trichloroethene
Most of the groundwater does not daylight in this area, however, below the SID there are a number of
seeps The lobe of contaminated groundwater which flows eastward from the 903 Pad 1s further
addressed in the East Trenches Plume Decision Document (RMRS, 1999b)

The groundwater contaminant plume from the 903Pad/Ryan’s Pit areas 1s primanly confined to the upper
hydrostratigraphic unit (UHSU) which consists of Rocky Flats Alluvium, colluvium, and the weathered
bedrock Groundwater occurrence 1n the UHSU deposits on the 903 Pad/Ryan’s Pit hillslope 1s controlled
by a local hydrogeologic setting that results in hmrited availability of water for plume migration The
south-facing hillslopes of major drainages generally recerve smaller amounts of recharge than do the
north-facing slopes because of slope aspect effects (1 ¢ , hugher evaportranspiration demands) and a
regional Rocky Flats Alluwial groundwater flow direction to the northeast that favors discharge to north-
facing hilisiopes In the 903 Pad/Ryan’s Pit Plume area, the main sources of colluvial UHSU
groundwater include subsurface discharge from the Rocky Flats Alluvium and 1solated bedrock sandstone
units, and infiltration of mcident precipitation, especially duning the Spring months  High on the
hilislope, groundwater 1s discharged from the Rocky Flats Alluvium and a subcropping sandstone
(Arapahoe Formation sandstone) to the colluvium at a seep complex found near the pediment rim
extending from the southern edge of the 903 Pad to the former 903 hillside soil study area Midslope
sources of groundwater are mainly limited to precipitation and subcropping Laramie sandstones and
siltstones, such as found at well 1487, which generally tend to be poor producers of water Given the
complexity of the hillside flow regime, 1t 1s expected that colluvial groundwater may also interact
dynamucally with the underlying weathered bedrock, with flow entering and exiting the bedrock in
accordance with the pathway-of-least-resistance principle

The location specific slump blocks 1s not possible to determine with the available data The whole
hillside 1s colluvium and therefore, represents many years of soil movement downslope Rather than
focus on how these movements have impacted groundwater, the approach has been to determine where
groundwater flows so that all paths between the source area and surface water are 1dentified Although
upgradient effects, such as low permeabilities and discontinurties 1n the geology, can retard and attenuate
contaminants, 1t will be the change in contaminant concentrations over time n wells downgradient that
will determine whether attenuating effects are actually protective of surface water

Groundwater on the 903 Pad/Ryan’s Pit hillside flows downslope from north to south 1n a direction that
approximates the surface topography On a local scale, flow 1s expected to follow preferential pathways
that may deviate significantly from expected pathways inferred from surface topography alone Figure 1-
3 1llustrates the configuration of the bedrock surface based on the results of the pre-remedial field
mvestigation (IT, 1998a) Spatial vanations 1n the bedrock topographic configuration combined with
zones of enhanced permeability created by landshde slip planes and lithologic heterogeneity are presumed
to account for much of the irregulanty indicated by the field data Likewise, bedrock topography and the
identified preferential pathways appear to be controlling seep locations as can be seen in Figure 1-20
These conditions, combined with the low to moderate permeabilities of colluvium and weathered
bedrock, suggest that low groundwater flow rates are prevalent in the saturated areas of the 903
Pad/Ryan’s Pit hilisiope For the saturated area extending from wells 01298 to 01798, IT (1998a)
estimated a groundwater flow rate of approximately 8 cubic feet per day (or 60 gallons per day) most of
which occurs primanly along colluvial pathways This flow rate results 1 a correspondingly low
contaminant flux based on contaminant concentrations detected during the pre-remedial investigation
The calculated total VOC contaminant flux for the distal end of the 903 Pad/Ryan’s Pit Plume 1s
estimated at 0 13 grams per day (IT, 1998a)
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23 PREVIOUS INVESTIGATIONS

Subsurface investigations, which encompassed the 903 Pad/Ryan’s Pit plume, were underway as early as
1987 and include the OU 2 RCRA Facility Investigation/Remedial Investigation (RFI/RI) A 1998
mvestigation was 1mplemented to provide the information necessary to design a groundwater collection
and treatment system The following information is denived from recent summarnes of those
mvestigations (DOE, 1995, RMRS, 1997b)

As summarized in Section 2 2, contaminated groundwater in the 903 Pad and Ryan’s Pit area 1s primarily
confined to the UHSU Fifty-seven VOCs have been detected in groundwater of the UHSU, of these the
contaminants of concern are carbon tetrachlonde, methylene chlonide, cis-1,2-dichloroethene,
tetrachloroethene, and trichloroethene In the source areas, total VOCs in the groundwater are
approximately 5,000 micrograms per liter (pg/l) near the 903 Pad and approximately 57,000 pg/l near
Ryan’s Pit The maximum concentrations of many VOC contaminants in the former OU 2 area are
located within this plume The highest concentration of tetrachloroethene (150,000 pg/l) was detected
immediately downgradient of Ryan’s Pit A well installed through the center of the 903 Pad had
groundwater concentrations of carbon tetrachlonde at 20,000 pg/l, chloroform at 39,000 pg/l and
methylene chlonde at 35,000 pg/l A well installed at the northeast corner of the 903 Pad detected
tetrachloroethene at 14,000 pg/l (DOE, 1995) The apparent extent of the VOC plumes from the 1996
Rocky Flats Cleanup Agreement (RFCA) Groundwater Monitoring Report (RMRS, 1997b) are shown 1n
Figures 2-1, 2-2, 2-3, and 2-4

Migration into the Arapahoe Sandstone appears to be limited due to the lithology underlying the

alluvium The nearest subcropping of the Arapahoe No 1 Sandstone 1s adjacent to the west edge of the
903 Pad Because this subcropping occurs upgradient of the source area, the plume has had less impact to
the sandstone than to other stratigraphic units This 1s evidenced by a total VOC concentration in the
sandstone subcropping of approximately 2,500 pug/l Downgradient migration into the Arapahoe No 1
Sandstone 1s potentially limited by an indicated bedrock fault that runs from the northeast to the
southwest across the hillside (Just southeast of the 903 Pad) Due to thus fault, the bedrock mcluding
Arapahoe No 1 Sandstone 1s lower on the downgradient side than the upgradient side Because there are
not any subcroppings of Arapahoe No 1 Sandstone between the fault and the source areas migration
through the Arapahoe No 1 Sandstone 1s not likely near the source area However, downgradient of the
fault, there are subcropping that could allow downgradient migration into the Arapahoe Sandstone farther
away from the source areca Well No 1487 is screened mto Arapahoe No 1 Sandstone and contains
contaminants (see Appendix A), however, it 1s not known whether these contaminants can be specifically
attributed to horizontal movement in the Arapahoe No 1 Sandstone or through vertical migration from
the colluvium Cross-Sections in Appendix B show how the sandstone may cause some vertical plume
mugration Additional maps can be found in the sitewide geologic charactenization report (EG&G,
1995a) [t 1s possible that claystone and silty claystone in the underlying bedrock have acted as a low
permeability barrer, preventing significant quantities of contaminants from reaching the No 1 Arapahoe
Sandstone

As expected, concentrations 1n the distal end of the plume are lower The concentrations of contaminants
of concern 1n groundwater from pre-1998 wells located near the 903 Pad/Ryan’s Pit downgradient plume
boundary are provided 1n Table 2-1 and shown 1n Figure 2-5 (see Appendix A for detailed historical
analytical data for the area wells)

In March and Apnil of 1998, a senies of direct push (Geoprobe®) borings were nstalled between the
existing wells histed 1n Table 2-1 and the SID which 1s the nearest occurrence of surface water to the
plume (see Figure 2-5) The boreholes were placed in a line parallel to the SID to delineate the leading
edge of the plume The boreholes were completed as temporary wells with a % inch casing and screen
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intervals of about five feet The hydrogeologic cross sections through these boreholes are presented in
Appendix B Groundwater levels were generally checked within one day of well installation

The upper strata of unconsolidated sediments 1n these borings consisted of colluvium of various
lithologies, principally silty clays and clayey silts, sometimes containing sand particles Lenses of
coarser, subangular to subrounded sands and gravels were occasionally encountered Bedrock consists of
a grayish-brown massive claystone 1dentified by a lack of coarse-grained matenial The claystone vaned
from moist to very dry, often becoming dner with depth In places, the claystone also contained abundant
caliche

Table 2-1 Downgradient Groundwater Concentrations for Contamnants of Concern — 903
Pad/Ryan’s Pit Plume

Well | Well | Well Well Well Well i Wel RECA Tier 11

Contaminsnt 6286 | 6386 | 1487 | 23196 | 01291 | 2987 i 3087 Groundwater

Action Levels
Carbon Tetrachlonde 8 ND 460 ND 15 ND ND 5
Cis-1,2-Dichloroethene ND ND ND ND 02 ND ND 70
Methylene Chlonde ND ND ND ND 05 2 ND 6
Tetrachloroethene ND ND 8 ND 2 ND ND 5
Trichloroethene 08 ND 190 ND 12 ND ND 5

Note all values are maximum concentrations (pg/l) from 1996 sampling of monitoring wells, ND mdicates not detected or below detection limit
RMRS, 1997b)

The depth to bedrock vaned from 2 6 feet in temporary weil 02198 to 18 8 feet in temporary well 01198
The bedrock surface slopes to the southeast, in broad conformance with the surficial topography Along
the line of Geoprobe® borings, localized bedrock lows occur at borings 00598, 01298, 01498, and 01698,
possibly indicating the presence of south-trending preferential flow pathways (Figure 1-2) A sequence of
highly weathered claystone overlying sandy silt also suggests the possibility of a stump block at this
location

Preliminary VOC analytical results for soils from the 1998 borings are presented 1in Table 2-2 Data
validation of 25% of the data set has not been completed Low concentrations of VOCs, primanly
acetone, were detected 1n several of the borings The maximum concentration of acetone was 0 072
mulligram per kilogram (mg/kg) 1n boring 01798 1s below RFCA Tier I Subsurface Soil Action Levels
The appearance of acetone 1n dry boreholes and boreholes away from the plume might be due to
laboratory contamination since 1t 1s a common cross-contamtnant The only contaminants of concern
detected were carbon tetrachloride and trichloroethene m boring 01298 below RFCA Tier I Subsurface
Soil Action Levels All other detected VOCs were below the RFCA Tier I Subsurface Soil Action Levels,
which included 1,2,4-trimethylbenzene and naphthalene in boring 02098 The traces of chlormated VOCs
in 01298 soils coincide with the highest groundwater concentrations encountered in this investigation

Groundwater was encountered 1n only eight of the 26 wells installed in the study area The six
westernmost wells of the ahgnment were dry (Figure 2-5) To the east, groundwater was intermittently
encountered 1n the wells with the water table generally occurring within weathered bedrock The water
table slopes to the southeast, in general conformance with surficial and bedrock topography During
measurements made on June 18, 1998, the water table was observed within the colluvium in only three
wells marked by locally low bedrock (01298, 01498, and 01698), with approximately three feet or less of
saturated colluvium (Figure 2-5) Available data from these wells indicate that contaminated groundwater
might eventually discharge to the SID and/or Woman Creek Sampling and analysis of the groundwater
in the temporary wells was performed 1n accordance with the Sampling and Analysis Plan (SAP),
Characterization of the 903 Pad/Ryan's Pit and East Trenches Plume (IT Corp , 1998b), and the
appropnate RFETS Standard Operating Procedures referenced in the SAP
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Six of the 26 temporary wells installed had sufficient water to sample Preliminary concentrations of
VOCs 1n groundwater observed during the plume charactenzation investigation are presented 1n Table 2-
3 Concentrations of three contaminants of concern (carbon tetrachloride, tetrachloroethene, and
trichloroethene) are also plotted in Figure 2-5 VOCs were detected in five of the six temporary wells
The VOC concentrations 1n these five wells exceeded one or more Tier II Groundwater Action Levels
(MCLs) Tier I Groundwater Action Levels (100 times MCLs) were not exceeded in any of the wells In
addition to the three main plume constituents, detected compounds include methylene chlonde,
chloroform, tetrachloroethene, cis-1,2-dichloroethene, and naphthalene The plume 1s bounded on the
west end by numerous dry wells and on the east end by several dry wells and one well, 01998, in which
VOCs were not detected

Table 2-2 Plume Characterization Sampling - Subsurface Soil Contaminants (mg/kg) and
Corresponding RFCA Tier I Subsurface Soil Action Levels

Sampled Interval | Water-Level Carbon
Borehole {ft bgs) Elevation (feet) | Acetone | Tetrachloride | Trichloroethene
Identification (ghg) | (nghs) | (mgke)

RFCA Tier I Subsurface

Soil Action Level 2,740 11 927
00198 142-145 Dry ND ND ND
00298 74-79 Dry ND ND ND
00398 106-114,148 Dry ND ND ND
00498 110-116 Dry ND ND ND
00598 140-146 Dry ND ND ND
00698 138- 147 Dry ND ND ND
00798 90-100 Dry 0 007 ND ND
00898 130-140 Dry ND ND ND
00998 73-78 5850 47 ND ND ND
01098 100-109 Dry ND ND ND
01198 160-178 Dry ND ND ND
01298 133-140 5840 43 ND 0 002) 0 005J
01398 44-65 5841 85 ND ND ND
01498 50-56 5840 16 ND ND ND
01598 66-70 Dry ND ND ND
01698 147-155 583979 ND ND ND
01798 43-52 5840 18 0072 ND ND
01898 34-45 Dry 0010 ND ND
01998 20-217 Dry ND ND ND
02098 ? Dry 0 020 ND ND
02198 43-48 Dry 0 002] ND ND
02298 33-42 Dry ND ND ND
03998 30-47 Dry 0 006 ND ND
04098 49-55 Dry ND ND ND
04198 Not sampled? Dry ND ND ND
04298 40-51 Dry ND ND ND

J - estimated value, concentration 1s below the detection hmit
ND - not detectable, below the detection limit of 0 006 mg/kg except for borehole 01598 which had a
detection limit of 0 005 mg/kg
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Table 2-3 Plume Characterization Sampling - Volatile Organic Compounds in Groundwater (ug/l)

RFCA Tier I Well Identification Number
Groundwater
Analyte (ug/) Action Level 01298 | 01398 | 01498 | 01698* | 01698* | 01798
(e}
Methylene Chlonde 5 24 10 31
1,1-Dichloroethene 7 3]
Chloroform 100 96 7 73 73 32
Carbon Tetrachlonde 5 460 E 150 140 13
Trichloroethene 5 500 E 9 42 40 12
Tetrachloroethene 5 0023 8 7 273
Xylene (total) 100 1J
cis-1,2-Dichloroethene 70 9 5 5 1]
Naphthalene 1,460 6 3] 4]

* = Duplicate Samples

E = concentration exceeds the instrument calibration range and was diluted

J = result 1s estimated value below reporting limit

Blank Spaces = Not detected at detection limit of 5 ug/L

Note Table includes only compounds detected 1n one or more of the samples

24 EVIDENCE OF NATURAL ATTENUATION

Natural attenuation processes include “a varety of physical, chemical, and biological processes that,
under favorable conditions, act without human intervention to reduce the mass, toxicity, mobility, volume
or concentration of contaminants in soil or groundwater” (EPA, 1997) This might include any or all of
the following processes

Chemical Transformation,
Biodegradation,

Dalution,

Dispersion,

Sorption, and
Volatilization

There are a number of potential mechamsms that could degrade or limit the mobulity of VOCs in the 903
Pad/Ryan’s Pit Plume For the 903 Pad/Ryan’s Pit Plume, all of these processes could result in significantly
lower downgradient contaminant concentrations Physical processes could be as effective as degradation m
controlling contammants Because several of these processes likely apply to the 903 Pad/Ryan’s Pit plume
the determination of a specific mechanism of attenuation 1s not critical  However, general conclusions
regarding the evidence of natural attenuation can be made This evidence 1s discussed 1n the following
sections

2 4 1 Plume Equlibrium

The low downgradient concentrations encountered during past investigations could be evidence that
natural attenuation processes are degrading the contaminants and/or slowing the migration of
contaminants The releases that created the plume occurred between 1955 and 1971 (DOE, 1992)
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allowing approximately 27 to 43 years for plume migration Well 01487, which 1s about 60 feet
upgradient of the line of 1998 wells and 1s screened nto the Arapahoe No 1 sandstone, shows an
apparent trend of increasing carbon tetrachlonide and trichloroethene concentrations over time (see Figure
2-6) Concentrations of tetrachloroethene in Well 01487 are near detection Iimits and appear to have no
apparent trend Although Well 01487 1s screened 1nto the bedrock, the claystone layer defining the top of
bedrock 1s relatively thin in this area and there 1s a known subcropping of the more permeable Arapahoe
No 1 Sandstone upgradient It 1s likely that there 1s good local communication between the groundwater
in the colluvium and the sandstone, which could indicate significant maxing across the colluvial/bedrock
interface A simular trend analysis can not be done directly on the colluvium until the wells proposed
thus technical memorandum are nstailed and data 1s collected

The gradual increase 1n concentration observed in Well 01487 that could indicate that the VOC plume 1s
moving slowly Based on the concentration contaminant of concerns and their respective degradation
products 1n downgradient wells, 1t appears that the predominant attenuation processes are probably the
physical processes that govern the plume migration as opposed to the chemical processes that govern
degradation of the contaminants However, the slow rate of plume movement likely enhances
degradation processes because the contaminants in the aquifer have a greater residence time to undergo

chemical degradation

2 4 2 Degradation Products

The presence of degradation products is an important indicator of contaminant-destroying chemical and
brological processes One difficulty in ascertaining the presence of degradation products 1s the wide
variety of organic solvents known to have been placed into Ryan’s Pit (1€ expected degradation products
could be solvents from the onginal release) Table 2-4 presents some of the contamunants of concern for
the 903 Pad/Ryan’s Pit Plume and their associated degradation products

Table 2-4 Key VOCs and Associated Degradation Products in the 903 Pad/Ryan’s Pit Plume

Key Degradation Product Maximum Concentration Maximum
Contaminant in 1998 Downgradient Concentration in Well
Wells (ug/l) * 01487 (ug/l) (1987-1996)

Carbon Tetrachloride 464 770
Chloroform 96 55
Methylene Chlonide ** 31 17
Chloromethane Not Detected Not Detected

1,1,1-Trichlorpethane *** Not Detected 106
1,1-Dichloroethane Not Detected Not Detected
Chloroethane Not Detected Not Detected

Trichloraethene 500 300
Dichloroethene ** 9 5
Vinyl Chlonde Not Detected Not Detected

Tetrachloroethene 23 15
Tnchloroethene 500 300
Dichloroethene 9 5
Vinyl Chloride Not Detected Not Detected

* Wells 01298, 01398 01498, 01698 01798 and 01998, maximums based on detection 1n at least two of these wells
** Dichloroethene and methylene are contaminants of concern and potential degradation products
*** 1 1 1- Trichloroethane was detected 1n the source area but not the in the 1998 wells
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1,1,1-Trichloroethane was mcluded in the analysis because 1t 1s found 1n Well 07391 1n the Ryan’s Pit
source area Concentrations of up to 1,100 ug/l of 1,1,1-Trichloroethane have been detected 1n the source
area, however 1t does not appear that 1t 1s affecting downgradient groundwater Because of high
concentrations 1n the source area, most of the trichlorocthene 1s probably residual solvent from the source
area as opposed to a decay product from tetrachloroethene

Based on Table 2-4, degradation products for three of the contaminants of concern appear to be present 1n
both locations The degradation products found are all consistent with hydrogenolysis as a reductive
dechlornation reaction Hydrogenolysis 1s a destructive hydrogenation reaction where hydrogen replaces
the chlorine atom Although these reaction products are strong indicators of reductive dechlorination, the
much higher concentrations of the source area contaminants of concern indicate that reductive
degradation 1s not a major factor i limiting the plume movement

2 4 3 Hydrogeologic Factors

Because the study area 1s poorly saturated and the wells at the west end of the study area were dry (Figure
2-5), 1t can be concluded that the predominant factor imiting the VOC plume extent appears to be site
hydrogeology Groundwater flow 1s confined to the east side of the study area, possibly because of the
effect of past slumping It should be noted that basis for concluding that hydrogeologic factors are a
likely influence 1s not based on a rigorous analysis of the colluvium It 1s based on the following factors

e The main factor controlling contaminant migration mught not be the retardation of contaminant
magration but sumply a lack of groundwater flow Although there are known impediments to flow
upgradient, 1t 1s the low overall flux of a groundwater and contammants toward surface water that
suggest that physical factors are attenuating flow

e Upgradient flow in the colluvium could be impeded by the movement of claystone slump blocks
across more porous members

e Faulting may have offset the Arapahoe No 1 Sandstone near the source area thereby 1solating the
contaminant flow 1n the more shallow zones of contamination from flow 1n the Arapahoe No 1
Sandstone Contaminants are reaching the No 1 Sandstone farther downgradient near subcrop areas
as a result of hydraulic communication with the colluvium

e Flow appears to be channelized downgradient with significant zones 1n the colluvium that are dry
Because of this, the actual contaminant flux 1s relatively low

e Some dilution could be occurring 1n both the colluvium and the bedrock from cleaner groundwater
north of the plume and incident recharge on the hillside mixing with plume water

Additionally, the bedrock surface is known to have erosional features that will further affect the flow
These subsurface features might have lengthened the flow path of the plume and enhanced attenuation of
the plume through physical processes The primary flow path for the contamnated groundwater was
shown previously on Figure 1-2 Ths area 1s also characterized by intermuttent seeps from both the
bedrock and the alluvium The combination of heterogeneous permeabilities, areas of low permeabihity
and depressions 1n bedrock could have routed the flow of water to the eastern portion of the study area,
farther down the SID, and possibly limited contaminant migration to surface water
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2.4.4 Surface Water Quality Impacts

There 1s no historical evidence of surface water quality impacts from the plume Based on data 1n the
RFETS Soil and Water Database, VOCs have been sporadically detected m the SID at concentrations less
than 100 pg/l The source of these contaminants cannot be tied the 903 Pad /Ryan’s Pit Plume since VOCs
have also been detected in the SID upstream of the plume The downstream sampling station located in the
SID where 1t discharges mto C-2 pond (SW027, Figure 1-1) was sampled for VOCs approximately 21 times
between 1986 and 1993 During this time period, methylene chloride was measured at concentrations of 14
pg/l or less Carbon tetrachlonde, tetrachloroethene, and trichloroethene were at or below their detection
himut of 5 pg/l  Since methylene chlonide 1s a common laboratory contaminant and because the other
contaminants of concern or their degradation products have not appeared mn these proximal downstream
surface water locations, there 1s presently not an evident impact to surface water quality Also, further
downslope from the SID, the contaminants of concern or degradation products associated with the 903
Pad/Ryan’s Pit Plume have not been detected

2 4 5 Conclusions Concerning Natural Attenuation in the 903 Pad/Ryan’s Pit Plume

The following conclustons can be made based on existing data

e Concentrations of contamnants at the leading edge of the plume need to be monitored to substantiate
the evidence that natural attenuation 1s occurring, to assess trends 1n the concentration of VOCs 1n the
groundwater, and to confirm that plume migration 1s not occurring or that the plume 1s moving very
slowly

e The presence of reductive dechlorination products of the three contaminants of concern suggests that
small quantities from the original release might have been degraded The potential degradation
products appear to be consistent with the same degradation mechanism, specifically, hydrogenolysis

e Hydrogeologic factors appear to have a greater impact on contamimant migration than degradation
processes It 1s hikely that this 1s attnibutable to a low overall groundwater flux

e There 1s no evidence that the 903 Pad/Ryan’s Pit Plume 1s currently impacting surface water quality
at this ime
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3.0 PROPOSED ACTION

Based on a review of existing data, RFETS, EPA, and CDPHE agreed that monitoring would be the best
approach for 903 Pad/Ryan’s Pit Plume to assess natural attenuation and potential groundwater impacts to
surface water quality It 1s also recogmized that source removal at the 903 Pad will address the source area
contamination and reduce the influx of additional contaminants nto the groundwater

31 PROPOSED APPROACH

The overall strategy for 903 Pad/Ryan’s Pit Plume 1s to use the mformation from the Geoprobe® borings
to identify all the potential areas where contaminants are moving toward surface water By using an
evenly spaced line of Geoprobe® holes to intercept the downgradient plume, contaminant pathways have
been 1dentified without unnecessary holes and extensive analysis to evaluate the upgradient
hydrogeology

The proposed approach for monttoring the 903 Pad/Ryan’s Pit Plume will be to mnstall four downgradient
permanent wells to monitor VOCs One permanent well meeting RFETS monitoring well standards will be
placed near Temporary Well 01298 (Figure 1-2) This location was selected based on mass flux
calculations (IT, 1998b) presented i Appendix C Based on the 1998 well data, this well consistently had
the highest contaminant load for each of the chlornated solvents thus the greatest contammnant mass flux

Three additional wells will be placed downgradient of the 1998 wells and upgradient of the SID Two wells
will be used to monutor the colluvium and one will be screened nto the Arapahoe No 1 sandstone The
location of these wells will be determined by using the observational approach, 1 e , Geoprobe® holes will be
placed to determine which locations have the greatest groundwater flow based on saturated thickness,
hydraulic gradient, bedrock contours, and other hydrogeological attributes Figure 1-2 also shows the
general area where Geoprobe® holes will be placed The bedrock well (Arapahoe No 1 sandstone) will be
placed near well 90199 since this well 1s close to well 01487 Prior to performing the fieldwork, an
ecological evaluation will be conducted to make sure the work does not result in detrimental ecological
effects including impacts to the Preble’s Jumping Field Mouse

Geoprobe® locations and permanent wells will be momtored for VOCs Al activities will be integrated with
existing RFETS monitoring activities under the IMP (Kaiser-Hull, 1997) Momtoring 1s planned to continue
until enough data are collected to establish a trend in downgradient concentrations Further details on data
quality objectives, sampling procedures, and analytical methods will be presented 1n the SAP appendix to
the workplan to be developed under the IMP Momtoring will be initially performed quarterly 1n
conjunction with the IMP activities during the first year to optimize the seasonal aspects of water level
and VOC concentration varnations, while mimimizing costs and other resources Subsequent sampling
timing and frequency will be specified in the IMP based on the sampling results of the first year The
same sampling and analyses methodologies used for monitoring RFCA groundwater wells will be utilized
for the 903 Pad/Ryan’s Pit Plume wells If at any time during monitoring the monitoring data indicates
that the plume could cause surface water concentrations to exceed the values in Table [-1 at the point of
evaluation (SW027), then the approach to 903 Pad/Ryan’s Pit Plume will have to be reevaluated

32 WORKER HEALTH AND SAFETY

This project falls under the scope of the Occupational Safety and Health Administration (OSHA)
construction standard for Hazardous Waste Operations and Emergency Response, 29 Code of Federal
Regulations (CFR) 1910 120 Under this standard, the Health and Safety Plan (HASP) currently utilized
for groundwater monitoring will be revised, 1f necessary, to address the safety and health hazards of each
phase of monitoring activities and specify the requirements and procedures for employee protection In
addition, the DOE Order for Construction Project Safety and Health Management, 5480 9A, applies to
this project This order requires the preparation of Activity Hazard Analyses (AHAs) to 1dentify each



7

Final Technical Memorandum RF/ER-98-294 UN
Monrtoring of the 903 Pad/Ryan’s Pit Plume Rewvision 0
Effective Date May 11, 1999

Page 23 of 25

task, the hazards associated with each task, and the precautions necessary to mitigate the hazards The
AHAs will be included mn the HASP Thus project could expose workers to physical and chemical
hazards Physical hazards include those associated with use of drilling equipment, noise, heat stress, and
cold stress Chemical hazards include exposure to the contaminated groundwater Physical hazards will
be mitigated by engineering controls, administrative controls, and approprnate use of personal protective
equipment (PPE) Chemical hazards will be mitigated by the use of PPE and administrative controls
Appropniate skin and respiratory PPE will be worn throughout the project Routine VOC momitoring wall
be conducted with an organic vapor monitor

If unanticipated hazards or conditions are encountered during this project in accordance with RMRS
pohicy (Directive-001), the project activities will pause to assess the potential hazard or condition to
determine whether work can proceed with eaisting safety controls If field conditions or hazards vary
from the planned approach and 1t 1s determined that work can be done safely, an AHA will be prepared or
modified to address the unexpected circumstances, and work will proceed according to the appropnate
control measures Data and safety controls will be continually evaluated Field radiological screening
will be conducted as appropnate using radiological instruments appropriate to detect surface
contamination and airborne radioactivity  As required by 10 CFR 835, Radiation Protection of
Occupational Workers, all applicable implementing procedures will be followed to insure protection of
the workers, collocated workers, the public, and the environment The HASP will describe the air
monitoring to be used to monitor for radiation, VOCs, and particulate, as appropniate  If necessary, air
monitoring will be performed 1n accordance with applicable procedures, which includes perimeter
Radioactive Ambient Air Monitoring Program (RAAMP) monitoring throughout the project duration
Air monitoring activities may vary and are dependent on field activities

33 WASTE MANAGEMENT

Waste anticipated from drilling and sampling include drill cuttings, purge water, PPE, and development
water from well installation All wastes will be managed 1n accordance with the RFETS standard
operating procedure, Field Operations (FO) 29, for IDM under the existing IDM program Wastes
generated, as part of this proposed action, will be characterized based on process knowledge, analytical
results, and radiological screening Based on FO 29, wastes, such as PPE, identified as non-radiological
and non-hazardous will be disposed 1n a sanitary landfill Purge water will be treated at the 891
Consolidated Water Treatment Facility
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4.0 IMPLEMENTATION SCHEDULE

Well mnstallation 1s scheduled to be completed in Fiscal Year 1999 The downgradient monitoring of the
903 Pad/Ryan’s Pit Plume 1s scheduled to commence in the Fiscal Year 1999 on a quarterly basis for the
first year Subsequent samphing timing and frequency will be specified in the IMP based on the sampling
results for the first year
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Appendix A

Historical Analytical Data
For 903 Pad/Ryan’s Pit Plume
Area Wells



Final Techrucal Memorandum
Monrstoring of the 903 Pad/Ryan’s Pit Plume

RF/ER-98-284 UN

Revision O

Effective Date May 11, 1999
Page A2

Groundwater Results
for

Well 0491



££

Pais!] Jou aJe SjuBUILEBIUOD PajOBjap-UOU ‘PaAIISGO BIam Jey} Sy, S1oayas AJuo 9jqe] ‘9661 YBNoIY) §I ejeq [eonkjeuy

€0 3] 16n |oiz JARIOTHOVYLIL NOGYVD vy v6/6L/IS 16¥00
0 3] 6n _ losz JARIOTHOVHLEL NOGMVD Ivad c6/0L/ILL 16¥00
L0 3] bn |69 JAROTHOVYLIL NOgHVYD V3 c6/116 16¥00
1A 3] 6n _ l00S JARIOTHOVLIL NOBYYD Jvay 26/1/6 16¥00
¢00 3 bn_ foov JAROTHOVYLIL NOGYVD v £6/02/S 16100
¢00 3] bn Jzs IAROTHOVYLIL NOGYVYD 1vay ¢6/8¢/2 16¥00
[4Y] al _6n lseg ANIHLIOYOTHORIL v3d y6/9L/LL 16700
[4Y al _bn_ |ss INIHL30HOTHORIL vy v6/9L/L1 L6400
[4Y) al _en .6 INSHLIIOHOTHORIL vy v6/61/S 16¥00
[4Y) al_en |6 ANIHLIOHOTHONL v3d v6/61/G 16¥00
(44 al bn_|es IANIHLIOYHOTHORL v3ay c6/0L/t L 16900
co d ._m: £6 ANIHLIIOHOTHOIRML vy c6/0L/LL 16400
(4] a _16n lsi INZHL30HOTHOVY.LIL v3ad v6/9L/L1 16¥00
c0 al_ _ubn _ foe IN3IHLIOUOTHOVILIL Va3 v6/61/S 16¥00
(4] al _bn gz INIHLIOHOTHOVYLIL Iv3d 26/0L/L1L 16700
44 al_¥n 1so0 3ARIOTHO ANTTAHLIN v v6/91L/L1L 16¥00
(4] al _bn il ANIHLIOHOIHOIA-Z'L-s10 V3 pe/9LIL1 16700
(4] al_wbn it IN3HL130¥0THOIa-Z L-SI0 v ye/9L/LL 16¥00
[4Y) al_wen 2y INTFHLIOHOTHIIA-Z L-s10 v p6/6L/S 16700
[4Y) al_ o [n ANIHLIOHOTHIIG-C'L-S12 et v6/61/S 16+00
A a ._\wM_... cl IN3IHLIOHOTHOIA-Z L-SI0 v c6/0L/LL 16¥00
(4] al_bn fzu INIH13IOHOTHIIA-Z L-SId 3y c6/0L/L1 L6700
[4Y) a ._\wM: 89 WNYOJO¥OTHD V3 ye/9L/L1L 16¥00
(4] al_bn_ ool NJOJO¥OTHD V3 v6/61/S 16¥00
10 al_1bn 6 WYOJOHOTHD v c6/0L/L1 16¥00
€0 al__vbn jool JARIOTHOVLTL NOGYVD V3 P6/9L/L1 16¥00
€0 al__1bn Jozz JAROTHOWVYLIL NOGYVD vy ¥6/61/S 16700
v 0 al _6n_ jove JAROTHIOVLIL NOGYVD v3y C6/0L/LL 16¥00
0l gl _16n [sz JAINVAD v Z6/0L/L) 16¥00
0l g] bn lez JAINVAD Tv3d 26/0¢/S 16700
ol gl bn Igy J0INVAD vad L6/02/CL 16700
LINN 300D ¥yAHITVND 3002 0D alva 3000
NOILD313d ] 1INS3y 8V SLINN | 1INS3Y NOLLdINOS3a F1dNVYS | NOLLOITTO0D | NOLLYOOT)

L6770 119 10} sjnsay Jajempunols)




.

AL

PSISi| JoU ale SJUBUILEIUOD PBJOSJOP-UOU ‘POAISSGO SIOM Jey) Sy, S100191 Ajuo B|qe ) ‘ge61 ubnoiy si ejeq |eophjeuy

10 ._\mFs €0 INVHL3I0HOTHOIa-}') vy 26/1/6 16100
€00 bn _ [2e0 INVHLIOHOTHOIA-}'} vad 16/02/C) 16¥00
(4] 6n (80 INVHLIOHOTHONML-L L L V3 c6/0L/LL L6¥00
(A1) bn |2 ANVHLIOHOTHOIML-L LY vV c6/LI6 16100
100 Ubn Iz ANVHLIOHOTHOIML- L'} v3d 26/0¢/s 16¥00
100 wn Nz INVHLIONOTHOINML-L L L vy 26/8¢2/2 16¥00
100 WBn__ (861 INVHLIIOHOTHOIML-L L) v3y 16/0C/C1 16¥00
g rL_von gLl INIHLIOHOTHOWMLTL vad Le/ve/ii 16+00
S r|_vbn_ e JAROTHO INTTAHLIN v3y 96/C1L/6 16¥00
S fl_1/oNn |e68 3INIH130HOTHOIa-Z'L-sI0 V3N L6/veiLL 16100
S fl_/oNn_|e68 INIHLIOHOTHOIQ-Z'L-SI0 vy L6/¥T/L1 16¥00
0 rl_bn fzo INVHLIOHOTHOINL-L L L vy v6/9L/L1 16¥00
¢0 3] Wbn Joel INIHIIOYOTHORIL Va3 c6/0L/LY 16100
co0 3 ._J\w: 0gl INIHLIOYUOTHORIL v3d Z6/0L/LY 1600
8¢0 3] _v6n loglL IANIHLIOHOTHONL V3 c6/1L16 16900
820 3] _bn _logL ANIHLIOHOTHORL Tvad c6/L/6 L6¥00
€00 3] _¥6n  vv INIHLIOHUOTHONL V3N 26/02/S 16+00
€00 3] ubn_ vp IANIHLIOHUOTHORIL Ivay 26/02/S 16¥00
€00 3] bn |56 INIHLIOHOTHONL v 26/82/¢C L6¥00
€00 3] 1bn  [gs 3N3H.LIOHUOTHONL V3N 26/8¢/C 16+00
vLo0 3 ._\ma LS INIHLIIOHUOTHOVHLIL vay Z6/1/6 16¥00
00 E] IRV T INIHLIOUOTHOVHLIIL vy ¢6/02/S 16¥00
<00 3 .:mﬁ: Ly ANIHLIOYOTHOVHLIL v3d 26/82/2 16¥00
100 3] bn  |ee JAIRROTHO INITAHLINW vy ¢6/0¢/s 16¥00
910 3] 1bn  Jez INIHLIOHOTHOIG-Z'L-si0 Tv3d c6/1L/6 16100
90 3 .Fm: €¢ ANIHI30YOTHOIG-C' L-s10 vay c6/LI8 16¥00
XY 3] wbn_ Joi) WHOJ0¥OTHD v Z6/0L/LL 16¥00
Sl O 3{ __bn _ losiL WY¥OJONOTHD 1vay c6/11/6 16¥00
100 3 ﬂmﬂ: 9t WHNOJOYOTHD 1v3y 26/02/S 16¥00
100 3] on _ {vv WHOJOHOTHD 1v3d £6/82/T 16700
€0 3| _bn [z JARNOTHOVILIL NOFNVD v3d v6/9LILL 16700
JINN 300D ¥3lJIYND 3002 0D alva 3009
(NOLLO313a ] 1INS3N 8V S1INAQ _J 1INS3 NOLLdRIDS3d F1dWVS | NOLLOITTIO0D | NOILYDO1

L6770 119 10} SYnsay Jajempunols)



Pajsi| Jou aJe SJUBUIEUCD PRJISISP-UOU ‘PIAIISTO BI0M JBY] SHY,, SI0aal Ajuo o|qe] ‘8661 Ybnoiy) st eleq JesnAjeuy

L6%0 113 10} mﬁ:wom Jajempunols)

1) /6n  jos WYOJOHOTHD Iv3ay €6/8/Tl 16¥00
10 6n  lozi WYOJOHOTHO v €6/1€/8 16700
10 6n_ lol NYHOJOHOTHD V3 €6/LL/S 16¥00
10 /6n__ Jool WHOJOHOTHD v3d €6/01/€ 16¥00
Sl 16n_ {ovi WHOJONOTHD vy c6/1i6 16¥00
100 ubn 1ol WHO40HOTHD v ¢6/0¢/S 16+00
100 ubn el N¥OJONOTHD v ¢6/0¢/S L6100
100 6n__ |80l WYOJ0HOTHD V3 c6/8¢2/C 16¥00
100 ¥on _ |og WYOJ0HOTHD V3 16/02/C) 16100
S _on 1oz 3AIHOTHOVYLIL NOSYVYD v L6/P2/L1 16¥00
S 1/6n_ e SARIOTHOVYHLIL NOSHVYD 3y L6/L112 16¥00
S 6n _ losi SARIOTHOVELIL NOGYHYD vy 96/C1L/6 16¥00
€0 on_ |eL 3ARIOTHOWYLIL NOGYVYD v §6/8¢/€ 16¥00
€0 1/6n_ loge SAIHOTHOVYLTL NOGYVD v ¥6/81/8 16¥00
€0 u6n_ lozy 3ARIOTHOVYLIL NOGYVYD v vé/v/e L6900
4 /6n oty SAROTHOVYLAL NOGYVD v £6/8/21 L6¥00
c0 ubn_ logz 3ARIOTHOVYLIL NOFYVD vy €6/1¢/8 16¥00
(Al 1/6n__ loie JARIOTHOVHLIL NOSYYD vad €6/1LIS 16+00
(4] 6n__ {oze 3ARIOTHOVYLIL NOGYVD £ £6/01/€ 16900
14 /6n_ [ovr 3ARIOTHIOVYLIL NOSYYD Iv3y 26/1L/6 16900
¢00 6n__ |oog 3AINOTHOVYLIL NOSYVYD IEL] 26/02/S 16¥00
<00 1/Bn__ oy SARIOTHOWVYLIL NOGHYD vy ¢6/82/C 16¥00
<00 ubn |z zs JAIHOTHOVYHLIL NOBYVD L] 16/02/21 16900
10 ENED SNVHLIWOHUOTHIOIdOWOMS £l 26/02/s 16+00
10 bn 1120 IANVHLIWOHOTHIIGOWOHE RLEL 16/02/C1 16+00
100 wn g ANVHLIWOUOTHOOWOMSE vy 18/02/2) 16+00
S00 bn 116 INVJOHdOHOTHOIa-Z2'2 v 26/02/S 16700
€0 ¥ [vo IN3H130HOTHOIa-L'L vy c6/01/LY 16¥00
L0 ¥6n |1 INIFHLIOHOTHOIa L' L vad c6liie 16+00
¥00 ._@_ S0 INIHIIOHOTIHOIa-L'L v 26/82/2 16¥00
¥00 ubn _ fseo INIHLIOHOTHOIa-L L v3y 16/02121 16¥00
LA 3402 ¥3I4ITYND 3002 20 3lva 3009
INOLLD313d LINSI3 avi SLINA_| LINS3Y NOILdINOS3a J1dANVS | NOILLOITTIOD | NOLLYOOT

&




- i

[ ——

s

Pa)Si| JOU QIR SJUBUILLIBIUOO POJIBISP-UOU 'POAISSGO SIOM JeL) 81y, SIoayel Ajuo ajge) ‘8661 ubnosy) si ejeq [eonAjeuy

L6170 lIPM 10} mﬁmwm Jajempunols)

20 Bn_Jee INIHLIOHOTHIIA-T L-510 wad|  ve/sLie 16%00
z0 Bn__ |21 3INIHLIOHOTHOIGZ L-S1d vad|  ve/6LIS L6¥00
20 T 3INIHLI0HOTHOIA-Z -5 wanl  veslLis 16¥00
20 Vo [e1 3INIHLIOYOTHOIA-Z'L-S1 v3d VBIvIE 16700
20 B (21 3INIHIIOHOTHOIG-Z L-S1P v3d Y6/P/E 16700
20 6n_ (o1 INIHLIOHOTHOIQ-Z L-510 v3d|  ce/8ieh 16¥00
20 Bn_[ol 3NIHIIOHOTHIIA-Z L-510 NI 16700
20 wbn |6l 3INIHLIOHOHOIA-Z' L-510 v3d|  eeines L6%00
Z0 Wbn |6l 3INIHLIOHOTHOIA-T L-sP Tv3d|  ee/esm 16700
20 VBN ol INIHLIONOTHOIA-T L-510 Ww3d|  eeiLLs L6700
20 6n_ ot INIHLIOUOTHIIA-Z -5 Ww3d|  eeLLs L6¥00
Z0 bn_|z1 3INIHLIOHOTHOIG-T -8 Tv3ad]  €6/0L/E L6700
Z0 en_|zi 3INIHLIOHUOTHOIA-Z L-510 w3y €6/0L/E 16700
Z0 36n [gL INIHIIOHOTHOIA-T LS 34| 26/0LiLL L6700
Z0 6 (g1 INIHI30HOTHOIGZ L-510 way|  26/0L/kL L6%00
€0 0 BN [81 INIHLIOHOTHOI-C L-510 wvau|  26/02/S 16700
€0 0 D 3INIHLIOHOTHOIG-Z L-51P wau|  z6/0e/s 16%00
€0 0 B a1 3INIHLI0HOTHOIAC L-510 3yl cemerk 16¥00
€0 0 /Bn a1 INIHLIONOTHOIA-C L-510 van|  zemszz L6700
€0 0 60 |8l 3INIHL3OHOTHOIGC L-51 v3d|  ceserz L6¥00
€0 0 Bn_ g1 3INIHLIONOTHOIGC L-s1o wad|  zeseie L6700
€0 0 Wbn l91lL INIHIIOHOTHOIA-Z L-510 Ivad| 1602zl 16700
€0 0 6n oLl 3INIHLI0NOIHIIAT L-510 v3d]  1e/0zizl L6700
g oNn_ vy WYO30M¥O0THD NN L6700
g bn |20 WYO30M¥OTHD VIl ez L6700
S bn (99 WYOJ0N0THD vaN| 96216 L6700
Z0 N |18 WHOJOHOTHD v3d|  se/seE L6700
z0 Un |eo WNOJONOTHD w3 8oLl L6700
Z0 ybn Jozl WOJOHOTHD wvanl  vesLs L6700
) V6n__ ool WHOJONOTHD w3yl velslLis 16700
20 Wbn |8z WHO40HOTHD EDN Y6/YIE 16700
LN [ 3009 ¥3i4vno 3009 20 31va 3009
[Nowoaiaa| Linsau avi siINn_| 1Ins3y NOILJINOS3a 37dwvs | NOLLOITI0D | NolLvDO

%




o

st
e

W

ot

o ——

paisi| Jou 8Je SJUBLILLIEJUDD PBJOS)SP-UOY 'POAISS]O SJOM By} . SHY, S1oaas Ajuo ajgel ‘ge6l ubnoiy) si eleq [eonkjeuy

S ybn |12 INFHLIOHOTHOVYLIL Ivad L6/LLIC 16900
S ybn  |ze INIHLIOHOTHOVILIL v 96/T116 16100
0 ¥bn  fgi INIHLIOHUOTHOVHLIL V3 G6/8¢/E 16¥00
0 D INIHLIIOHMOTHIOVHLTL vy v6/9L/L1 16100
(4] uon oy IN3H1IOMOTHOVHLIL v p6/81/8 16¥00
(4] 1/6n  foe INIHLIOUOTHOVYIIL vy y6/61/S L6100
4] 1/6n  |ez INIHII0HOTHOVHLTL vy yéivie L6¥00
10 ubn iz 3NIHLIOHOTHOVYLIL vay £6/8/C1 16¥00
10 /6n Jov INIHLIOUOTHOVY.LIL v €6/1€/8 16¥00
10 .:;m.ﬂ 6¢ SNIFHLIOHOTHOVYLIL Tv3d €6/L1/5 16¥00
10 6n _ |ve 3INIHLIOHOTHOVYHLIL v €6/01/¢ 16¥00
(4] 1/6n_ joe INFHLIOHUOTHOVHLIL v3y c6/0L/LL 16+00
vi ubn sy INSH130HOTHOVYLIL vy ¢6/1/6 16+00
200 6n _ loe INIHLIOUOTHOVAHLAL Iv3y 26/02/S 16100
200 bn 1y INIHLIOHOTHOVYLIL w3 ¢6/02/S 16¥00
00 ubn iy INIHL30¥OTHOVYLAL Iv3y 26/8¢/C 16700
200 bn |22 INIHLIOUOTHOVYLIL v3d 16/02/2) 16¥00
g /oNn [0St 3AIHOTHD INITAHLIN 3y L6/vZ/LY L6¥00
o ._\m L 3AINOTHO INTTAHLIN Tv3ad p6/9LIL L L6700
(4 wen |y JAIHOTHO INTTAHLIN v C6/0L/L1L 16700
100 6N [ee SAROTHI INITAHLINW Tvad ¢6/0¢/S 16¥00
100 ._\wwM L 0§ SARIOTHO INFTAHLINW Tv3ay 16/02/C) 16¥00
S 6n s INIFHLIOHOTHOIG-Z L -S10 v3d 26/L 112 16¥00
g 6n_ 6 INIFHLIOHOTHOIQ-Z | =S vay L16/L112 16¥00
g ._\m.bl [42 INIHIIOHOTHOIA-Z LSO v 96/21/6 16¥00
S bn _ |zL ANIFHLIOHOTHOIG-Z'}-s10 vay 96/21/6 16+00
(41 /6n e ANIHLIOHOTHOIA-Z LS vy §6/8¢/€ 16¥00
<0 6n |6 ANIHLIOHOTHOIG-Z L -si0 Tv3d §6/8¢/€ 16¥00
(4] 6n_ ol INIHLIOHOTHOIG-Z L-sI10 Iv3d v6/9L/L1 16¥00
(4] on ot INIFHLIOHOTHOIG-Z'L-s1 V3 y6/9L/L1 16¥00
(4] ubn ez INIFHLIOHOTHOIA-Z L-sI0 vy ¥6/81/8 16700
LIWNN 3009 ¥3ldNvYNO 3002 o0 alva 3009
[NOILD31ad ] 1INS3y avil S1INN | 1InS3y NOLLdIROS3a _1dAVS | NOILDITT0D | NOILYIOT

L6¥0 IIPM 10} m&:wmm J2jemMpunols

L&




&

9 PaJSi| JoU aJe SJUBLILIBIUO0O PBIoejep-UoU 'PAAIBSTO QIoM Jel} SuY, S1oeyal Ajuo 9jqe] ‘8661 ubnosy) s Bjeq (eankieuy
c0 .:m: 4] INIFHLIOHOTHORIL v3Y G6/82/€ 16¥00
(4] ._\m: [4°] INIHLIOHOTHOINL 3y G6/82/€ L6100
0 .Fm.: 96 INIHLIOHOTHOIEL Tv3y ¥6/94/L1 16100
(4] ._\ms 96 INIHLIOHOTHOINL Tv3d ¥6/94/L 1 18%00
[4) ._\.mr: ovi INIHLIOHOTHOINL Tv3yd 16/81/8 16%00
¢0 ._\m: ovl INIHLIOHOTHOINL Tv3y 6/81/8 16400
(4] 6n  Ige6 ANIFHLIOHOTHO L V3 ¥6/61/5 16¥00
Z0 ._y 86 INTFHIIOHOTHIIHL Tv3y V¥6/61/S L8%00
20 .:m:q 89 INIFHLIOHOTHOINL V3 y6/viE L8¥00
20 4@ 89 INIFHLIOHOTHIIHL Tv3y Yo6/viE 16100
o 10 .F.m: 99 INIFHLIOHOTHOINL v3d £6/8/C} 16¥00
[ X¢) .5: 99 ANIFHLIOHOTHOIYHL Tv3ad £6/8/Cl 16400
%) ._\ma 021 INIFHLIOHOTHOINL Tv3y €6/1E/8 16¥00
10 ...\mz 0ci INIFHLIOHOTHOIYL Tvay £6/1E/8 16%00
10 ._\m: otl ANIHLIOHOTHOINL T3y €6/LLIG 16%00
10 ._\mﬁz 0Ll INIHLIOHOTHONNL Tv3d £6/L1/S 16+00
10 .:im: .8 INIHLIOHOTHOINL Tv3d £6/0}/E 1600
10 .:mf: .8 INIFHLIOHOTHOINL V3 £6/0L/€ 16%00
8¢ dm: ovl INIFHLIOHOTHIIML v3Y C6/L/6 L6%00
8¢ ._l\m: ovl INIFHLIOHOTHDIHL Tv3d Zo/L/6 16#00
€00 6 lyLy INIH13OHOTHORL Tv3y £6/02/S L6100
€00 .:d: 1413 INIHLIOHOTHORIL V3N ¢6/02/S 1600
€00 ._w: ovi INIHLIOHOTHOIYL Tv3d ¢8/02/S 16100
€00 ._\@.. ovl ANIHL30HOTHOIEL v3y ¢6/0¢/S 16400
€00 Wbn joil INIHLIOHOTHOINL V3 ¢6/8¢C/T L6+00
€00 A\Wa 0Ll INIHLIOHOTHOINL v3y ¢6/82/2 16%00
€00 6n |G 89 INIHLIOHOTHORIL vy 16/02/C) 1600
€00 Jl\m_‘_ G 89 INIHLI0HOTHIINL Tv3d 16/02/C) 16400
10 .F@: L0 INIHLIOHOTHIIA-Z L -sues Tv3d C6/1/6 16¥00
€00 ._\@ Z0 INIHLIOHOTHIIG-C'L-suen vy ¢6/02/S 16¥00
¢00 7/6n [440) ININTOL Jv3d 16/0C/T| L6¥00
LN 3009 ¥34ITVYNO 3002 20 3iva 3400
NOILD313Q 1INSIY gV S1INN_} 1INS3 NOLLJINOS3a 1dAVS | NOILDOITI0D | NOILLYDO1
° L6¥0 119\ 104 SYNSaYy Jojempunols) ®




LT Wt 8 A i e e A

Palsi{ Jou aie SJUBU|WEBIUOD PEJIRIBP-UOY ‘PAAIBSTD BIOM JBY) ,SHY, SIoBPa) Ajuo Bjqe] 'g66} YBnoIy S| eleq feotikjeuy

L6170 IS 10} S}nSay Jojempuno.s)

) ) 3INTHLIOHOTHOINL v3d]  96/ELz L6Y00
S Vo [p9 3NIHLIONOTHORIL w3 eeciz 16700
S Ybn sz 3INIHIZOHOTHOVYLAL W[ eeELe L8Y00
g n |6 3NIHIIOHOTHOIG-T L-510 W eeELz L6v00
g wbn |6 3N3HLIOWOTHOIGZ 151 wad|  eesLe L6¥00
g en_ |79 WH040N0IHO Ww3d]  oecLz 16Y00
g wbn o1 3AIMOTHOVNLIL NOgUYD v3y]  oe/cLe 16v00
g ION (S v 3INIHLIOHOTHONIL Wwad| Zeweil 16¥00
g ON_|S 3INIHLIOHOTHORIL I Zeweit 16v00
S U6 Jgs ANIHIIONOTHORIL wad| ez 1600
g bn |gg 3NTHLIOYOTHONL Ww3d[ 61 L6¥00
g bn feL INIHL30HOTHORIL w3 eerzie L6v00
g Un ez INIHLIONOTHONIL wad|  oezLe 16¥00
LW | 3009 ¥313nvno 3009 00 aiva 3009
INoioa1aa]  11ns3wy avy SUNN | 1ns3y NOLLdINOS3q 31dWvs | Nowo3T109 | Noivoon |

&




Final Techmical Memorandum RF/ER-98-294 UN
Monitoring of the 903 Pad/Ryan’s Pit Plume Rewvision O
Effective Date May 11, 1999
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Hydrogeologic Cross Sections
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st

Page No. 1 of §
Excel 97 file FluxRP5axds, CalcBrief

77411504

By ZHT Date 7/16/98 Subject Estimation of Contaminant Flux
Chkd By Date 903 Pad/Ryan's Pit Plume, RFETS

BURPQSE:
Estimate the flux of contaminants from the distal, downgradient portion of the 903 Pad/Ryan's
Pit Plume potentially entening surface water in the Woman Creek dramnage.

METHODOLOGY:
The alignment of push-probe wells installed in 1998 north of Woman Creek and the South ~
Interceptor Ditch forms the basis of the estimate. All groundwater on the steep south-facing

slope above the elevation of the creek bed 1s assumed to discharge to the surface via seeps.

Transmisstvity and concentrations in those wells within the distal portion of the plume are used
to calculate the average contaminant loads in colluvium and weathered bedrock. Together
with hydraulic conductivity and the length of the plume perpendicular to its flow direction,

the flux of the contaminant VOCs are calculated

ASSUMPTIONS:

In the fower portion of the Woman Creek drainage, groundwater flows honzontally out of
colluvium and weathered bedrock, discharging to the surface water system. Discharge from
bedrock is assumed to be imited to the first 10 feet of saturated bedrock, or the full saturated
thickness between top of saturated bedrock and the creekbed elevation along a given point's

downgradient flowpath, whichever 1s greater.

VOC plume concentrations are uniform vertically through the colluvium and weathered

bedrock. ..
’\*j&?n - i - iR .
;,“, .¢w ¥4 e s (7308 .
The horizoi ialignm %ent;;and% "fr‘ -
g
is " - & - ﬁ"‘i&ﬁ‘f w

F‘ -
% s." ,,%‘” E g
“

Aol : 3 3

The ,toﬂoqmﬂés rie neditibe;

representative: > " s ity et
Colluvium 9.3E-05 cmisec 2.65—01 ftlday

Weathered claystone bedrock 8.8E-07 cm/sec 2.5E-03 ft/day

Loss or destruction of contaminants through evapotranspiration, biodegradation, and other
processes is not considered All contaminants at the alignment of the push-probe wells are
conservatively assumed to enter the surface water drainage.

CALCUI ATIONS: -

See following sheets.

CONCLUSIONS:
Flow and contaminant flux in the weathered bedrock is negligible. The colluvium is
inconsistently saturated, and the distal portion of the plume transmits little flow

and contaminants to the Woman Creek drainage
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Figure 24
VOC Composite Plume Map
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